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Abstract: Sleep disruption is a
commonly reported consequence of
cancer and its treatment in pediatric
patients and survivors. This review
summarizes common sleep concerns
in this population and introduces a
multidimensional framework of risk
Jactors specific to childhood cancer
that may interact to develop and
maintain disrupted sleep. Based on
the extant literature, parameters of
the cancer and its treatment, physical
and social environmental conditions
both during and after treatment,

changes to family behavior and norms,

psychological factors and traumatic
stress, and reduced physical activity
are hypotbesized to be the most
pertinent risk factors for disrupted
sleep in this population. Potential
clinical assessment strategies and
bebavioral interventions relevant to
these considerations are discussed,
with reference to the bebavioral model
of insomnia. The review concludes by
offering directions for research and
clinical practice, including developing
and testing comprebensive assessment

tools, intervention effectiveness studies
in both oncology and primary care
clinics, and efforts to increase patient-
provider commumnication about sleep in
pediatric oncology.
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cancers, and it is estimated that there are
upwards of 388501 pediatric cancer
survivors living in the United States.” Of
these, 150074 (38.6%) are 5 to 20 years
from their initial diagnosis, with 248079
(63.8%) being survivors of >20 years.
Because so many childhood patients
reach long-term survivorship status, there
has been an increased focus on lasting
health and quality of life in this

! One of the most chronic and
disturbing side effects reported by
pediatric cancer patients and survivors

are problems with sleep . .

. difficulties

initiating and maintaining sleep. i

pproximately 1% of cancer cases
diagnosed each year occur in
children.' Due to medical

advances, the 5-year survival rate has
increased to nearly 80% for some

population. The disease and its treatment
can lead to both early and late
morbidities 1nclud1ng physical
limitations,** pain,’ cognitive
dysfunction,” behavioral problems, social
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deficits,”® psychological distress, and
other affective symptoms.””'’ One of the
most chronic and disturbing side effects
reported by pediatric cancer patients and
survivors are problems with sleep, and in
particular, difficulties initiating and
maintaining sleep, suggesting that this is
a major quality of life concern.™ Thus,
it is highly important that health care
providers who interact with this
population be aware of the high
prevalence of sleeping problems, unique
risk factors in pediatric oncology, and the
corresponding clinical practice
implications.

Sleep disruption, which is a term that
describes a range of difficulties related to
getting enough quality sleep, is a
considerable late effect of pediatric
cancer that warrants empirical and
clinical attention. Thus, the major goals
of this review are to (1) identify and
describe the scope of sleep disruption in
pediatric oncology; (2) synthesize major
findings related to predictors and
correlates of disrupted sleep, and
introduce a conceptual framework
summarizing these factors; and (3) offer
potential behavioral assessment and
intervention strategies as suggestions for
future research endeavors. Childhood is
a diverse time period, from infancy to
late adolescence, and there are unique
developmental concerns for different age
groups. Because the goal of the current
review is to provide an overall context
for this topic in pediatric oncology, it is
important to note that developmental
stage should be an additional
consideration when applying research
findings across this broad population.

Healthy Sleep and
Sleep Disruption

High-quality sleep is crucial for healthy
emotional, cognitive, physical, and
behavioral development in childhood.
Few studies have clearly defined
“normal” sleep during childhood, but
generally accepted definitions involve
receiving a developmentally appropriate
number of hours of sleep (sleep need
declines from infancy to adolescence),
few or no wakings during the night, and

a subjective perception of feeling
rested.'*!7 Similarly, pediatric sleep
disruption is fairly subjective, with
symptom reporting often linked with the
extent to which a child’s sleep affects a
parent’s sleep.'® Disrupted sleep is a
significant concern in childhood and
adolescence, given that unconsolidated
and short sleep has been shown to
interfere with attention and
concentration,™"” learning, cognitive
development,”*" and performance in
both social and academic domains.®*%
That is, sleep is a foundation for healthy
growth and development, and poor sleep
can have a wide-ranging impact on a
child’s current and future well-being.

Although most parents report that
their children have good sleep patterns,
sleep disruption is not uncommon,
affecting 20% to 30% of healthy
children.*? However, more than half of
pediatric cancer survivors report some
combination of sleep-related symptoms
even 9 to 15 years after their
diagnosis."*" Good sleep is important
for all children, but especially so for
those who have been affected by
cancer, given that disrupted sleep can
affect inflammatory pathways and
immune functioning, including natural
killer cell activity.”* Moreover, sleep
problems contribute to, and can
exacerbate, many other morbidities
common to survivorship.*®

Insomnia

Pediatric insomnia is conceptualized as
a constellation of symptoms representing
repeated trouble with (1) sleep initiation,
(2) sleep duration that is excessively
short or long (hypersomnia), (3) poor
sleep consolidation (fragmented sleep),
or (4) a perception of low sleep quality
“that occurs despite age-appropriate time
and opportunity for sleep and results in
daytime functional impairment for the
child and/or family*" When making a
diagnosis, the developmental stage of the
child should be considered as sleep
needs are greatest in early childhood and
lessen as children age."#** Despite
working definitions of pediatric
insomnia, studies that have assessed
prevalence and correlates of the clinical

diagnoses are rare.""** None have been

conducted in the context of pediatric
oncology to our knowledge. Instead,
sleep disruption in this population is
commonly assessed and reported in
terms of specific sleep domains that
occur over an extended period of time.
These include assessments of the
quantity and quality of sleep, bedtime
resistance, sleep onset delays, night
wakings, sleep efficiency, sleep anxiety,
and/or daytime sleepiness.

Fatigue and Sleepiness

Daytime fatigue and sleepiness are
common concerns that may be
concomitant with sleep disruption.
Although the terms are often used
interchangeably, they are distinct
constructs. Fatigue is characterized by
low energy and weariness, whereas
sleepiness is the normative experience of
feeling that one needs to sleep, and is
only considered a disorder when it
occurs too frequently (eg, excessive
daytime sleepiness) or infrequently (eg,
insomnia).” Both fatigue and excessive
daytime sleepiness occur in children and
adolescents who have not been affected
by cancer,'® but rates are higher among
pediatric cancer patients' and
survivors.*%

Behavioral Model of Insomnia
and Pediatric Oncology

The Behavioral Model of Insomnia has
been widely used to explain the process
by which disruption to specific sleep
domains become chronic and persistent.”’
Within this model, sleep difficulties are
theorized to develop from an interaction
of predisposing and precipitating factors,
which trigger an acute episode of
symptoms. Predisposing factors refer to
inherent characteristics of an individual,
such as physical hyperarousal,
hyperactivity, or a tendency to ruminate
or worry. Precipitating factors are acute
occurrences in an individual’s life that
interact with predisposing factors and
may include stress, psychological or
physical illness, or even changes to the
environment that interfere with normal
sleep phases. In the context of pediatric
oncology, a child may present with
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various levels of predisposing factors and
preexisting sleep disruption. These
predisposing factors are then theorized to
interact with the stress of diagnosis,
illness variables, and environmental and
social changes during active treatment.
These precipitating factors may also be
retained into survivorship.

After an acute period of symptoms,
perpetuating factors are theorized to
contribute to the development and
maintenance of chronic sleep disruption.
Perpetuating factors prevent the
reestablishment of normal sleep and may
include maladaptive strategies that
patients use to try to fix or adapt to their
sleep and transient sleeping schedule. For
example, a pediatric cancer patient may
sustain neuroanatomical or physiological
changes that affect their long-term sleep
functioning, or they may maintain habits
that began during treatment such as
napping more frequently, which can
negatively affect their sleep drive and
ability to fall asleep that night. Additional
factors may also include doing other
activities in bed (eg, watching TV,
reading) or spending an excessive
amount of time in bed (eg, getting into
bed earlier, or staying in bed until later),
because the child feels fatigued or
believes that these behaviors may assist
with relaxation, falling asleep, or
increasing the amount of time they are
asleep. Paradoxically, such behaviors will
maintain their sleep symptoms,
particularly with repeated practice.

It follows that a child who has been
affected by cancer may become
increasingly frustrated, stressed, and
anxious as their sleep deteriorates and
that they may have these psychological
experiences while lying in bed trying to
sleep. Conditioned arousal, which is an
individual’s association between
wakefulness and arousal with cues that
are normally associated with sleep (eg,
being in bed), provides an explanatory
mechanism for how the perpetuating
factors become learned responses.*
Thus, conditioned arousal allows for the
maintenance of symptoms even after a
child has transitioned into the
survivorship period. In children,
conditioned arousal may also contribute

to a constellation of nighttime symptoms
including sleep anxiety, bedtime refusal,
and difficulty falling asleep or
maintaining sleep.

Etiology and Maintenance
of Sleep Disruption in
Childhood Cancer

It is relatively common for children and
adolescents to contend with biological
(eg, shifting hormones), situational (eg,
early school start times), and behavioral
(eg, irregular sleep schedule)
precipitating factors for sleep
disruption.”” However, there are
additional risk factors that are unique to
the pediatric oncology population. It is
well-documented that cancer patients are
at increased risk for sleep disruption
during the acute stresses of diagnosis
and treatment, but childhood cancer
patients may be particularly vulnerable
because of their developmental stage
and the fact that they likely do not yet
have engrained healthy sleep habits,**
In the paragraphs below, we review
factors related to childhood cancer and
its treatment that may interact with
predisposing individual characteristics,
leading to disrupted sleep during
treatment that continues into
survivorship. Based on the extant
literature, we propose a multidimensional
framework describing the disease
parameters, specific environmental
conditions, psychological factors, family
factors, and changes in physical activity
that lead to the development and
maintenance of sleep disruption in
pediatric cancer patients and survivors
(Figure 1). The temporal nature of how
each variable contributes to the
emergence and maintenance of disrupted
sleep has yet to be definitively
established. Thus, the proposed
theoretical framework is presented
within the behavioral model of insomnia
and provides an outline for future
research to clarify the underlying
mechanisms.

Disease Parameters

Cancer-related neuroanatomical and
physiological changes may affect sleep,
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as has been suggested in adult oncology
patients and survivors.” In children, the
most common types of cancer are
leukemia (26% of cases) and
malignancies of the brain and nervous
system (18% of cases), with acute
lymphocytic leukemia and acute myeloid
leukemia comprising the majority of
leukemia cases." Cancers with central
nervous system involvement confer a
high direct risk for insomnia and
sleepiness, particularly when nuclei in
sleep cycle regulation (eg, hypothalamus,
pituitary gland, diencephalon, brainstem)
are damaged by the tumor, the treatment,
or both." % Although treatment
depends on the type of cancer and its
stage, common strategies that may affect
sleep in childhood patients include
chemotherapy,“* bone marrow
transplantation,” and dexamethasone™!
(a glucocorticoid frequently used to treat
acute myeloid leukemia). High-dose
cranial radiation has also been linked
with sleep disruption among adult
survivors of childhood cancer.” Within
the current framework, these factors may
be precipitating (eg, changes that resolve
after treatment has ended) and/or
perpetuating (eg, long-term changes).

Pain and discomfort (eg, nausea)
related to the disease process, medical
procedures, and treatment side effects
can initiate new sleep disruption
symptoms™ and exacerbate existing
ones, serving as precipitating factors for
children in treatment.”*™ Aggressive pain
management strategies including
analgesic medication can mitigate the
impact of cancer-related pain on sleep in
hospitalized children.” However, many
commonly prescribed medications (ie,
opioid analgesics such as morphine and
fentanyl) have been associated with
disrupted sleep in adults, and these
effects need to be further evaluated in
pediatrics. !

Environmental Factors

Changes to a child’s sleep environment,
which may occur during hospitalization
or at home, can be a precipitating factor
that allows for the emergence of sleep
disruption. Children in active treatment
may be hospitalized for a period of time,
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Figure 1.

A proposed conceptual framework of sleep disruption in children impacted by cancer.
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significantly altering their daily
environment and routines. For example,
children who receive bone marrow
transplants have prolonged
hospitalizations where they are restricted
to a room in order to reduce the risk of
infection following the procedure. In the
hospital, a child sleeps in an unfamiliar
room and bed with sound and light
pollution, recurrent entries and exits by
parents and staff, nighttime medical
procedures, and medication
administration. *****? These events
have been associated with recurrent
awakenings, fewer hours of sleep, and
lower satisfaction with sleep in
patients.“ﬂéj{&

Changing patterns of light exposure
have also been shown to disrupt the
circadian rhythm and sleep in both
healthy65 and oncology™ populations
and thus may serve as a precipitating
factor for sleep disruption. For example,
increased screen time (ie, time spent
watching TV, or using a computer or
handheld electronic device) before bed
increases nighttime light exposure and
has been shown to disrupt the sleep-
wake cycle in healthy children and
adolescents.®% Although this has not
been specifically evaluated in pediatric
oncology, it is plausible that this would

be a significant risk factor given that
clinically, it is common to see pediatric
oncology patients watching TV or using
tablets in bed, and some research has
suggested that screen time may be
increased among these patients.”
Additionally, if a child is hospitalized or
not feeling well enough to leave the
house, they may have restricted daytime
light exposure, which is known to
disrupt the sleep-wake cycle.65 Although
studies of daytime sunlight
underexposure in pediatric oncology
have not been conducted, low levels of
daytime light have been linked with
fatigue and sleep impairment in other
hospitalized populations.68

Excessive time in bed while in the
hospital can also precipitate disrupted
sleep, as has been demonstrated in
hospitalized adults.” During active
treatment, a child may increase the
amount of time they spend in bed, either
at home or in the hospital, with some
children even being temporarily
restricted to bed.”” This can lead to
sleeping at irregular hours during the
day, which weakens the nighttime sleep
drive.* Moreover, the association
between the bed and sleeping can be
weakened if a child engages in activities
other than sleep (eg, screen time,

homework, visitation) while in bed. Over
time, time in bed may also serve as a
perpetuating factor, particularly if a child
begins to do so in an attempt to achieve
more or better sleep.

Family Factors

The impact of pediatric cancer cannot
be understood in isolation from a child’s
most important social relationships,
which are typically within their
immediate family. In families that are not
affected by cancer, parental depressive
symptoms” and sleep disruption” have
been linked with children’s sleep
disruption. In turn, healthy children’s
sleep disruption has also been shown to
impair maternal sleep.” It has also been
documented that siblings influence one
another across a wide variety of
behaviors,” and there is an emerging
literature suggesting that this is also true
for sleep length in healthy adolescents.”
Together, these findings suggest that
there may be some level of familial
interdependence that serves as a
precipitating factor for sleep disruption.

When a child has cancer, family
members may feel shocked, guilty, sad,
and anxious; roles and responsibilities
may shift; and family functions and
routines may change, putting significant
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stress on the entire family.”** Not

surprisingly, parents of children with
cancer report lower physical and mental
well-being,* and significantly disrupted
sleep, 07818 particularly while
staying with their child in the hospital.**
At least one study has also
demonstrated that parent and patient
sleep disruption is modestly
associated.” Siblings of childhood
cancer patients and survivors also report
psychosocial problems, sleep disruption,
and fatigue at levels that are similar to
the affected child."*® Although no
studies have evaluated the possibility of
mutual influence for sleep disruption
among family members, it is plausible
that such a system exists.

Another relevant precipitating factor
may be parental presence during a
patient’s sleep time. This practice, termed
co-sleeping, may occur when a child is
hospitalized and a parent stays overnight
in the same room or sleeps on the same
surface as the child (ie, bed sharing).*
Co-sleeping and bed sharing may also
happen at home during treatment and/or
into survivorship. While one study of
children undergoing maintenance
chemotherapy for acute myeloid
leukemia found that parents often report
their child sleeps better when someone
sleeps near them at home,™ over time,
co-sleeping may elicit a conditioned
effect wherein a child may begin to have
problems falling asleep or staying asleep
independently if the parent is not
present, because the child is expecting
the parental cue in order to fall
asleep.”* Although the goal of
co-sleeping is often to facilitate better
sleep, it may inadvertently lead to a
child’s dependency on their parents for
sleep-related support and cause
problems when a parent does not
co-sleep with their child (ie, co-sleeping
can become a perpetuating factor as
well).*”® Co-sleeping may also shift
parental attention toward their child’s
sleep and increase their dysfunctional
beliefs about sleep (eg, “my child will
always have difficulty sleeping”), both of
which have been linked with greater
child-reported sleep disruption in
children not affected by cancer.”

Parenting style during cancer treatment
may also play a central role in the
development (ie, precipitating factor) of
sleep disruption in patients.* During a
child’s cancer treatment, many parents
report having difficulty setting limits™
and being more likely to “spoil” their
child.” This may involve facilitating new
bedtime practices (eg, TV, food, drink, or
other activities in bed),” and allowing
for delayed bed times and wake times.
When routines, rules, and sleep hygiene
practices (activities, behaviors, and habits
that encourage optimal sleep)” such as
having a regular bedtime, and only using
the bed for sleep, that are normally in
place are absent or inconsistent, new
bedtime problems such as avoidance of
bed, refusal to get into or stay in bed,
frequent requests after lights are out, and
impaired sleep, may arise.” It follows
that, if maintained, these could also serve
as perpetuating factors into survivorship.

Psychological Factors

A diagnosis of pediatric cancer can be
conceptualized as a traumatic stressor,
with substantial variability in
psychosocial adjustment after the initial
crisis has passed. Although there are
differences across the developmental
continuum in terms of a child’s ability to
understand the meaning and implications
of their disease, it is clear that the stress
of a cancer diagnosis and its treatment
has many consequences.”* Traumatic
stress has been linked with at least some
transient sleep disruption in many
populations,”*”> and a relatively recent
review has also suggested that childhood
trauma (eg, abuse, family conflict,
injuries, accidents, and other stressful
events) is predictive of long-term sleep
disruption in children.” Thus, it is
plausible that traumatic stress related to
pediatric cancer may be a significant
precipitating factor for sleep disruption.

Relatedly, the prevalence of clinically
significant anxiety and depression is
higher in pediatric cancer patients and
survivors (~25%) than in unaffected
children.””” Overlap between these
disorders and sleep disruption has been
well-established in many populations,'™
and there is also empirical evidence of
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this in both pediatric cancer patients”’
and survivors.'” Disrupted sleep has also
been shown to predict the onset of
depressive symptoms 1 week later
among children and adolescents
hospitalized for cancer treatment,”
suggesting that the relationship could be
bidirectional. To the extent that children
experience elevated levels of anxiety or
depression prediagnosis, these could
serve as predisposing factors for the
development of sleep disruption. If
mental health symptoms are untreated
they may also be characterized as
perpetuating factors that contribute to
the development of conditioned arousal
and maintenance of sleep disruption.

Physical Activity

It is well-established that physical
activity is associated with better sleep
quantity and quality in the general
population,'” adult cancer patients,'®
and adult cancer survivors."™ In pediatric
cancer, it is likely a precipitating factor
for acute sleep disruption as well, given
that decreased physical activity has been
linked with both increased number of
wakings after sleep onset, decreased
sleep time,'” and increased fatiguelOG in
pediatric cancer patients. Furthermore,
some intervention research in pediatric
oncology suggests that increasing levels
of physical activity may enhance these
outcomes,'” although another small
study reported mixed evidence regarding
the efficacy of a physical activity
intervention on sleep efficiency."”

During cancer treatment, levels of
physical activity and overall fitness
decline due to changes in children’s daily
routines, prolonged hospitalizations,
altered physical functioning, side effect
management,'” and increased screen
time.®” It might be expected that a child
would return to their prediagnosis levels
of physical activity during survivorship,
but several studies have indicated that
pediatric cancer survivors are far more
sedentary and have lower levels of
physical fitness than their unaffected
peers," ! suggesting that it may also
serve as a perpetuating factor for
disrupted sleep. While the maintenance
of relatively lower physical activity in
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survivors is not completely understood, it
has been suggested that the social
(family and peer support) and
environmental (access to resources,
neighborhood characteristics) contexts
are particularly important to maintaining
these physical activity patterns in the
long term, although cancer-related and
demographic factors likely also
contribute,'"

Clinical Practice
Implications

Although sleep disruption is a
ubiquitous and debilitating consequence
of childhood cancer and its treatment,
there is a surprising lack of
communication about sleep in clinical
settings. In one study of pediatric cancer
survivors (N = 75), medical notes
suggested that 66.7% of all patients were
not asked about sleep during routine
visits at long-term survivorship clinics."
Of the subsample with insomnia (n =
21), sleep was documented for 7 of the
patients, and only 1 patient was provided
with recommendations for their sleep.”

Evidently, there is a critical need for
health care providers who work with
children who have been affected by
cancer to be aware of the increased risk
of sleep disruption, the unique
precipitating and perpetuating risk
factors in this population, and the
implications of those concerns for
clinical practice, and be willing and able
to open a dialogue about sleep. This is
important for survivors, but also patients,
given that the etiology of many
behavioral aspects of sleep disruption
begin during active treatment.

It should also be acknowledged that
many health care practitioners receive
little formal training to assess and
intervene around child sleep disruption,
and consultation with a hospital
specialist (eg, psychologists, social
workers) with expertise in sleep is likely
warranted in many cases. Thus, in the
absence of established consensus
guidelines, the proposed framework
offers multiple opportunities for the
assessment and treatment of sleep
disruption in childhood cancer patients

and survivors that warrant attention in
future clinical research.

Assessment of Sleep
Disruption in Pediatric
Oncology

Because not all children affected by
cancer expetience sleep disruption, an
initial brief screening during regular
clinic visits could be used to identify and
triage individuals who would benefit
from a more detailed assessment, as is
the recommendation in adult
oncology."* This may be accomplished
with a self-report measure of sleep
quality for the child (age dependent)
and/or parent to fill out while in the
waiting room. There are several relatively
short, valid, and reliable assessment tools
of sleep disruption for children'"”
including the Children’s Sleep Habits
Questionnaire," which s filled out by
parents of children ages 4 to 10, or the
Sleep Self Report,"” which s filled out
by children ages 7 to 12. However,
neither instrument has been validated for
use specifically within pediatric
oncology. During the appointment,
providers may also ask open-ended
questions regarding patient and parent
perceptions of the child’s sleep quality.

For those who indicate some
impairment, a provider may refer the
patient to a sleep specialist, or gather
further information during that visit. In
the absence of a standardized tool to
explore specific risks for sleep disruption
in pediatric cancer, this information may
be obtained by a review of the medical
chart and clinical interview, and then
integrated into the patient’s case
conceptualization in order to identify the
most appropriate route for treatment.
Ideally, information should be reported
from multiple sources including the
child, parents, and, if applicable, other
health care providers (eg, nurse in a
hospital) who have observed the child’s
sleep behavior.

Following general guidelines for
pediatric sleep assessment, areas to be
queried may include the following: the
child’s prediagnostic sleep history,
current pattern of sleep-wake habits via
a 24-hour activity recall (including sleep/
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wake times, napping, daytime
impairment, caffeine consumption, and
daily activities), a 7-day sleep diary
containing the elements of the 24-hour
recall over the previous week,
characteristics of the specific sleep-
related symptoms (eg, falling asleep,
wakings), medications or supplements
that are being taken for sleep disruption
(these are often used without knowledge
of the medical team'®), psychiatric
symptoms (eg, mood), behavioral
symptoms (eg, oppositional), child and
parental beliefs regarding sleep,
subjective impact of sleep disruption on
functioning and quality of life (eg,
performance in school), parenting
strategies, cultural norms (eg, co-sleeping
and bed sharing may be more common
in collectivistic cultures), family history
of sleep disorders, and goals for their
sleep.”" Special considerations for disease
parameters include the specific diagnosis
and cancer stage, date of diagnosis,
disease duration, past and present
treatments, comorbidities, symptoms
from the disease and/or treatment (eg,
nausea, pain), and the amount of time in
survivorship. Environmental factors to
consider include changes to the amount
of time a child spends in bed and
whether this is due to medical
recommendations or personal
preference, nighttime disruptions that
occurred during hospitalization,
nighttime disruptions that are still
occurring, and level of daytime and
nighttime light exposure. Family factors
to assess include changes in parenting
strategies (eg, setting fewer limits) and
resultant differences in the child’s sleep
hygiene practices (eg, co-sleeping,
screen time). Clinicians may also
consider evaluating the psychological
functioning of the parents and, if
applicable, whether other family
members (eg, siblings, parents) have
disrupted sleep. Although psychological
symptomatology is included in standard
pediatric sleep assessments, providers
may also want to evaluate changes in
psychological functioning that may be
specific to their cancer (eg, traumatic
stress). Current physical activity and
sedentary behavior, including screen
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time, should also be evaluated and
contrasted with prediagnosis levels of
these activities.

These recommendations are
comprehensive, and empirical evaluation
is needed to determine the most salient
areas of assessment so that clinicians
may tailor or shorten the interview based
on an individual patient’s needs.
Additionally, as with sleep evaluations in
healthy children, this information should
be considered within the child’s
developmental context (eg, napping is
more appropriate for a child in preschool
than a child in middle school)”" and
physical condition (eg, a child in active
treatment may have increased sleep
needs). Finally, it is worth noting that
while objective measurement of sleep
(ie, polysomnography, actigraphy) is the
gold standard for sleep assessment in
research, qualitative reports may be used
in clinical settings because the criterion
rests on the patient’s subjective
perception of their sleep and
functioning, and these are generally
more accessible in health care contexts.
If available, it would be ideal to also
include objective assessments to use in
combination with subjective reports to
get a more precise measure of the actual
amount of sleep a patient achieved, and
how the patient is perceiving their sleep.

Behavioral Intervention
in Pediatric Oncology

Sleep disruption is unlikely to remit
without intervention,"” and longitudinal
research shows that sleep disruption
persists from childhood into adolescence
for many children."***" Once a child has
been identified as experiencing sleep
disruption, there may be several
intervention options, depending on the
child’s age and current medical
condition, which can help reestablish
normal sleep patterns. To date, there
have been no published trials using
accepted guidelines from behavioral
sleep medicine to treat sleep disruption
in pediatric oncology patients or
survivors. The intervention opportunities
described below are based on results
from clinical practice and the existing
behavioral sleep medicine literature.

Future research is needed to formally test
the efficacy of such interventions within
pediatric oncology.

Pharmacological Interventions. A
significant number of children are
prescribed medications to treat sleep
disruption.' These may be useful in
conjunction with other chronobiotic
treatments (eg, light therapy) when
sleep-wake disruption is
neurobiologically located,” although it is
worth noting that while hypnotic
medications are effective for short-term
treatment of insomnia, they are not
recommended for long-term use, and
there is little empirical evidence speaking
to their safety or efficacy in
children."™®"* A variety of medications
are frequently prescribed in children not
affected by cancer including barbiturates,
benzodiazepines, a-agnostics, and
tricyclic antidepressants.'™*** Over-the-
counter medications such as
antihistamines'* and melatonin'"® are
also often used. Notably, melatonin has
been the subject of recent reviews with
some concluding that it is helpful in
reducing sleep onset latency and slightly
extending total sleep time in
children'*'% and others questioning its
safety for use in children given its effects
on multiple developing systems,
specifically, reproductive, cardiovascular,
immune, and metabolic.'*"'*

Although medication can be useful in
the short term, it may not be the ideal
solution in pediatric cancer patients and
survivors who already have a complex
schedule of treatments and medications.
During active treatment, patients have
access to a number of sleep-inducing
medications. If habitual use of sleep
medications is initiated during treatment
and maintained into survivorship, this
may even become a perpetuating factor,
as continuous medication usage may
disrupt a child’s natural sleep cycle and
contribute to beliefs that medication is
necessary for sleep. Additionally,
medication fails to target long-term
perpetuating factors (eg, conditioned
arousal, sleep-wake cycle dysregulation)
responsible for maintaining sleep
disruption. In contrast, the cognitive,
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behavioral, and parenting intervention
strategies outlined below target the
factors that perpetuate sleep disruption
in pediatric oncology. Providers and
parents may also prefer these treatments
to pharmacological options.%

Nonpharmacological Interventions

Sleep hygiene. Sleep hygiene involves
the establishment of routines and habits
that support healthy sleep behavior.
Although sleep hygiene education
should not be delivered as a primary
intervention for clinically significant
sleep disruption, it is often helpful in
prevention, or as an adjunct to other
empirically supported treatments.'”
Sleep hygiene can be encouraged both
during active treatment and in the
survivorship period. Parents whose sleep
has been disrupted are also encouraged
to reestablish their own healthy sleep
hygiene routines in conjunction with
their children.

As with all children, heavy meals and
high-energy play/exercise should also
be avoided before bed, and caffeine
consumption should be generally
discouraged."” It is also important to
create a sleep environment that is as
comfortable, dark, and quiet as possible,
whether in the hospital or home.
Adhering to a regular sleep schedule
with a consistent sleep and wake time,
maintaining rituals and behaviors that
were in place prior to the cancer
diagnosis (eg, brushing teeth and
reading a book right before bedtime),
and avoiding sleep-interfering activities
(eg, eating in bed, relaxed rules about
bed activities) also help create strong
associations between the bed and sleep.
Although parents may want to sleep in
the same room as their child (ie,
co-sleep) while in the hospital, this
practice should be phased out on
returning home. Another critical aspect
of sleep hygiene is avoidance of all
screen time in the bed and bedroom,
which is being increasingly recognized
as a key concern in children.” For
example, during active treatment and
hospitalization, if a child is not restricted
to bed, a small but helpful change
might be to have screen time out of bed
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(eg, sit on a chair in the hospital room).
After returning home and during
survivorship, screen time should occur
exclusively outside of the bedroom.
Finally, within the recommendations of
a child’s physicians, daytime physical
activity may also be an opportunity to
improve sleep quality.

Bebavioral interventions. Recent
systematic reviews and meta-analyses
in general pediatric sleep medicine
suggest there are 3 “well-established”
interventions (parent education,
standard extinction/unmodified
extinction, graduated extinction) that
target sleep disruption and can reduce
negative nighttime behaviors (eg,
spending extensive amounts of time
in bed but not sleeping) and promote
uninterrupted sleep in children.** In
clinical practice, these interventions are
often combined to create multifaceted
treatments that optimally address a
given child’s concerns.®® Given this level
of complexity, it is recommended that
these interventions only be delivered
by professionals who are well versed in
these techniques.

The general sleep medicine literature
provides a theoretical foundation for
potential intervention in the pediatric
oncology context, and treatment studies
of behavioral interventions in this
population are warranted, with several
additional considerations. For example,
one sleep-disrupting behavior may
involve children leaving bed to seek their
parents, complaining of illness. In the
case of pediatric oncology, this may be a
more prevalent and real concern. The
need to critically evaluate complaints of
illness should be taken seriously;
however, repeated complaints over
multiple nights without the presence of
illness should still be considered a
sleep-interrupting behavior. Managing
this would necessitate a comprehensive
discussion between the health care
providers (eg, physician, psychologist,
child life specialist) and the family to
determine the medical, cognitive, and
behavioral contributions to this behavior,
and to plan behavioral strategies moving
forward. Another nuanced consideration

could be lingering cancer-related pain or
trauma symptoms that interfere with
sleep. These should be addressed either
with pharmacotherapy or psychotherapy
before, or in conjunction with,
intervention for sleep disruption. With
these considerations, the remaining
paragraphs outline general principles
that may be intervention targets to
consider in future research.

Parent education and prevention
interventions are typically delivered via
written materials, individual coaching, or
in group interventions, and have been
shown to be effective in reducing
symptoms of sleep disruption in healthy
children.” These programs involve
teaching the parent behavioral skills (eg,
reinforcement) to promote optimal sleep
routines, discouraging sleep incompatible
behavior, and setting appropriate
boundaries around sleep.%‘54 Parent
stress reduction is also a common
component to these interventions. In the
case of pediatric oncology, part of the
education may involve normalization of
sleep disruptions that results from active
treatment, and if sleep disruption was
not present before diagnosis and
treatment, an encouragement of the
establishment of previously effective
nighttime routines.

Two types of extinction interventions,
called standard extinction/unmodified
extinction and graduated extinction, are
also effective for healthy young children
whose difficulty falling asleep or staying
asleep has led to a child’s inability to fall
asleep independently, frequent attempts
to get out of bed, or to avoid sleeping
altogether. ™™ Clinically, extinction
strategies to treat childhood sleep
problems are best delivered when active
monitoring for illness is no longer
necessary and thus would likely be more
appropriate during survivorship.
Unmodified extinction therapy involves
having a parent ignore a child’s
maladaptive behaviors (ie, removing the
reinforcement of parental attention) after
a set bed time until a set wake time in
order to reduce and eventually eliminate
that behavior."” Although there is good
evidence for the efficacy of this strategy,
many parents find it difficult to

implement, and parents of cancer
survivors should be counseled not to
ignore a child’s report of serious illness
or fever developing during the night. In
contrast, graduated extinction is often
more tolerable to parents and allows for
periodic checking of the child."® Similar
to unmodified extinction, in gradual
extinction there are set bed and wake
times, but parents briefly check on their
child (15-60 seconds) after the lights are
out on a fixed or increasing time interval
schedule.”® In this protocol, parents still
deliberately ignore maladaptive
behaviors, but the change is less
abrupt."* As with unmodified extinction,
parents should be counseled to address
reports of serious illness even during
survivorship.

Several other interventions that may be
applicable to pediatric oncology have
also been identified as “probably
efficacious” in healthy children. %
Bedtime fading (temporarily delaying
bedtime to increase sleep drive and more
rapid sleep initiation, and then gradually
moving bedtime earlier) and stimulus
control (removing the child from bed for
a set period of time if a child does not
fall asleep) both help reestablish an
association between being in bed and
sleeping. The positive routines technique
(developing a set bedtime routine
characterized by quiet activities that the
child enjoys) may also help relax the
child prior to bed and create conditioned
cues for sleepiness.

Cognitive bebavioral therapy for
insomnia. For adolescent cancer
survivors, who have more complex
thinking, and whose sleep routines
are less influenced by parental
factors, cognitive behavioral therapy
for insomnia (CBT-D) is a promising
treatment option that warrants future
study. CBT-I combines components
of cognitive principles to challenge
cognitions (eg, frustrated and anxious
thoughts about sleep) and change the
behaviors (eg, laying awake in bed) that
contribute to the maintenance of sleep
disruption. A large literature suggests
that CBT-I is effective for treatment of
insomnia in a range of populations,*"'**
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including adult cancer survivors." Initial
studies have also shown its effectiveness
in treating insomnia in adolescents,"**'%
although there have not been studies of
adolescent cancer patients or survivors.
Special considerations for CBT-I in
pediatric oncology may involve a
discussion with the parents about the
rationale behind sleep consolidation
procedures and ways to support their
child’s establishment of healthy sleep
routines. If both parents and children are
experiencing disrupted sleep they may
choose to implement the strategies from
CBT-I together to support each other’s
recovery. Siblings of the child affected by
cancer may also participate in CBT-I
interventions, which could directly
benefit them and also provide support
around reestablishment of healthy sleep
routines for both sibling and patient.

Future Directions and
Research Opportunities

There has been considerable progress
in understanding sleep and sleep
disruption in adults who have been
affected by cancer, and this research is
increasingly being extended to pediatric
oncology. However, there remain
significant gaps in research evidence,
and in the translation of existing
evidence into clinical practice for
childhood cancer patients and survivors.
Cumulative evidence from the
developing literature suggests that
parameters of the cancer and its
treatment, the sleeping environment,
family factors, changes in a child’s
psychological status, and physical activity
may contribute to short- and long-term
sleep disruption, but there is not
currently enough evidence to draw
definitive conclusions about the relative
magnitude of each. Studies with both
objective (ie, polysomnography,
actigraphy) and subjective (ie,
standardized, validated measures)
measures of sleep as they relate to these
constructs are warranted. In particular,
research on screen time, which may
increase for pediatric cancer patients and
survivors, and is a common factor for
both reduced physical activity and

increased nighttime light exposure,
should be pursued. Promising studies on
the benefits of physical activity on sleep
and fatigue in adult and pediatric cancer
patients also suggest that this could be
another very promising area for future
research.

Clinical research is also greatly needed.
Objectives for this should include
developing and evaluating brief
assessment tools for use in oncology and
primary care settings; validating existing
pediatric sleep measures (eg, Children’s
Sleep Habits Questionnaire, Sleep Self
Report) specifically for pediatric
oncology; and testing behavioral
interventions and CBT-I tailored for this
population. In the absence of such
research, clinicians may extrapolate from
findings in adult oncology and healthy
pediatric samples with sleep disruption
to meet the needs of this population.
However, additional work that focuses
directly on childhood cancer patients
and survivors will undoubtedly be a
stronger contribution. Notably, there
have been several pilot studies of
complementary approaches to treating
sleep disruption in hospitalized pediatric
cancer patients (eg, exercise intervention,
massage), which are promising in terms
of feasibility.'®*"* Although sleep
symptomatology was not significantly
improved by these interventions, further
exploration with larger samples is
warranted.

Additionally, there needs to be
discourse on prevention efforts such as
educating stakeholders like parents and
health care providers about the increased
risk of sleep disruption in this
population; sleep hygiene practices (eg,
developing a sleep routine), and
boundary setting; sleep health education
for patients; and modifying nighttime
hospital room environments to be more
conducive to sleep. Such endeavors
could potentially inhibit sleep disruption
in this vulnerable population and should
be considered.

Conclusion

This integrative review describes the
problem and prevalence of sleep
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disruption in pediatric oncology, a
theoretical framework for the
development and maintenance of sleep
disruption during childhood cancer
treatment and survivorship, and a clinical
summary intended to help guide future
research, clinical assessment, and the
tailoring of evidence-based behavioral
treatments for sleep disruption. Because
many children reach long-term
survivorship, childhood is a critical time
for developing habits that can affect
sleep throughout the lifetime, and sleep
is an important contributor to health and
developmental outcomes, assessment
and treatment of sleep disruption needs
to be a routine component of standard
care, not an auxiliary one.
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